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Background

A Developing an all electric fork truck
A Replacing an internal combustion engine

A Battery pack made from 7 battery modules




The Problem

Battery pack will be generating heat when charged and discharged

The battery current flow will be limited if temperatures exceed the threshold

Temperature

IPhone overheat
warning




The Project

Design a heawguty cooling system for the battery pack

Needs

Maintain internal battery

emperaures beiow . PROPRIETARY
INFORMATION
Constraints AND IMAGES
Perfor tis sk nambient - o EMOVED

40 degrees Celsius

Fit in the space
behind the battery pack



Heat Generation

Battery voltage is 51 Volts To find power: V-A=W

Maximum discharge current is
(usually not constant) 350 amps 17.8 kW

Max fast charge is 1C or
(constant) 174 amps 8.87 kW




Modeling

Aluminum Shell

A Section view shows the
layers of the battery in our
SolidWorks model

A This model is then used to
visualize temperature Thin Adhesive
distribution Layer

/

Note: NMC is chosen for most electric vehicles Steel Plate




Thermal Study

Full size module
thermal study
proves hand
calculations

Wall temperature of
50.7 degrees Celsius




Temperature Rise
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Alr Flow

This CFD model shows how much Air enters at 50 m/s
the air slows down from the (calculated from volumetric flow anc
beginning of the slot to the end cross  sectional area of entrance)



http://drive.google.com/file/d/1xQOGZS0NAi5nHuIa9cRcFkJUrZ5O7r53/view

CFD with Thermal Study

A Air enters the slot @ 225 CFM. Ambient Temp. is 40 C
A Wall temperature is 50 C
A Air is cold for only 1/3 the distance needed
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Project Learning

Wall temp is 50 C

Air enters @ 40 (

Air exits @ 48 C
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Project Learning
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eal Vaper Compression

fi ='R134a’

"State #1°

T_1=temperature(fs,P=P_1.x=x_1)
P_1= 320[kpa]
h_1=enthalpy(fs.P=F_1.x=x_1)
s_1=entropy(f5,P=P_1.x=x_1)

¥ 1=1

"State #2"

T_2=temperature(fs, P=P_2 s=5 1)

P_2= 1200[kpa]

h_Z=enthalpy(fs,P=F_2.s=s_1)

5 2=5 1 "(ldeal System)”
¥_2=quality(fs,P=P_2 s=5_1)

"State #3"

T 3=46.29 |t sat{fs P=P_3)}

P 3=P 2
h_3=enthalpy(f5.T=T 3.P=F 3)
s_J=entropy(fs, T=T_3 P=F_3)
¥_J=quality(fs, T=T_3,P=P_3)

"State #4”
W dot ¢ =m_dot*h_2-h_ 1) "W dot cis the work of the compressor”
T _d4=temperature(fs P=F_4 h=h_4)
Q dot E=m_dot*(h_1-h_4) "Cooling load of the evaporator” p 4=p 1
h_4=h_3
Q dot C=m dot*(h_2-h_3) "Heat rejected by condenser” S_4=EFIter}‘|:f$ P=P 4 h=h_4)
x_4=quality(f5.P=P_4 h=h_4)

COP =0 dot EW dot c "Coeficient Of Preformance” -
Q_dot_E= UA%(T_4-T_1) m_dot = 3 [kg/s] "mass flow rate”



Refrigeration Components
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Valve

Pros and Cons

Condenser

Liguid
Line
'"---e Discharge
Line
=T s
\ Compressor

Suction

Line

Refrigeration Pros

A Heavy duty
cooling

A 12v system

Refrigeration Cons
A Size
A Cost

Thermoelectric Pros
A Size

A Cost

A 12v system

Thermoelectric Cons
Less Cooling



Concepts and ldeas

w Increasing surface area between w Peltier Modules to remove
battery modules using fins or pipes heat from battery walls

- v- SR




Concepts and ldeas

w Pre Cooling Air with Vortex tubes

Compressed
Air Supply

www.airtx.net

COMPRESSED AIR SOLUTIONS

Cold Air
<=

Hot Air

Y. ; ;
Vortex Generator Control Valve ]

w Heat Pipes

/ Evaporator Condenser \

Heat Turns Liquid to Vapor Cooled Vapor Turns Back to
that Travels Toward the Liquid and Returns to the
Condenser (Fin Stack) Evaporator (Heat Source)



Recommendations

During normal forklift operation: During Charging:

Ducting to direct airflow efficiently Precooling at Charging Station

PROPRIETARY
INFORMATION
AND IMAGES
REMOVED




Budget

Total Refrigeration
fan and ducting

component costs

$3978




